Introduction {#s1}
============

The 9/11 attacks on the World Trade Center (WTC) caused the worst environmental catastrophe that has ever befallen New York City. Over 2,900 individuals died. A cloud of toxic particles generated by the burning and collapse of the towers spread over lower Manhattan and parts of neighboring counties[@r1]^)^. Rescue workers and community members exposed to these materials developed significant, chronic physical illnesses[@r2],[@r3],[@r4]^)^ Psychological trauma consequent to the horror of the events continues to impact thousands of lives[@r5], [@r6]^)^.

Early in the course of the disaster, occupational physicians at Mount Sinai's Selikoff Center and other medical centers provided care for injured workers. Vigorous advocacy by these clinicians, labor representatives, community leaders and local elected officials resulted in federal support of medical monitoring and treatment for the affected populations[@r7], [@r8]^)^. The Zadroga Act of 2010 extended the availability of this health care by establishing the WTC Health Program (WTCHP)[@r9]^)^. Major elements of the WTCHP include Clinical Centers, which monitor and treat patients with WTC-related physical and mental illnesses, three separate WTC Data Centers that analyze Program information and provide health surveillance, and an epidemiologic center, the WTC Registry.

While the 9/11 disaster is unique in many ways, recent studies of WTC-related health effects and certain aspects of the public health response to 9/11 under the Zadroga Act highlight important elements of environmental disaster response. These elements have significant implications for the ongoing response to the Great East Japan Earthquake. Several recent reports from Fukushima also bring their applicability to "3/11" into sharp focus.

Assessment of Both Acute and Chronic Exposures {#s2}
==============================================

Exposure data from the collapse of the WTC towers is incomplete. There is no real-time personal monitoring data for any WTC responder that records the actual particulate and gaseous composition of the dust cloud. Assumptions about the contents of the dust cloud are based in large part on the analysis of settled dust[@r1]^)^. Despite this lack of contemporaneous monitoring data, variables such as "total time spent working at the WTC site" and "caught in the dust cloud" proved to have a dose-response relationship to symptoms, illnesses and functional decrements experienced by WTC responders[@r2], [@r10], [@r11]^)^. The dust's alkaline pH and the presence of glass fibers contributed to its acute irritant quality[@r12]^)^. A recently completed laboratory study of the settled dust provides evidence of its carcinogenicity[@r13]^)^ and further informs ongoing discussion about the treatment of WTC exposure-related cancer.

In the follow up of the Great East Japan Earthquake, Akiba *et al.* (2013) have summarized the efforts to carefully document short-term radiation exposure due to the nuclear accidents. For nuclear workers the maximum and average cumulative doses up to 11/30/2011 were 680 mSv and 12 mSv[@r14]^)^. While these doses are much lower than those reported for the workers involved in the Chernobyl recovery operation[@r15]^)^, appropriate long term medical follow up is indicated for these workers.

For the community near the WTC, the impact of long-term chronic dust exposure on residents who returned to or remained in areas contaminated by WTC dust has been an ongoing concern. Recently, Maslow *et al.* (2011) carefully examined the health impact of acute 9/11 exposure and dimensions of chronic dust exposure in the homes and workplaces of community members. Consistent with a prior report by Lin *et al.* (2007)[@r16]^)^, he demonstrated dose-dependent relationships of variables such as the extent of surface dust coverage and the depth of thickest dust layer in workplaces and households to lower respiratory symptoms[@r17]^)^.

These careful studies are models for future investigations that must be undertaken when the evacuated populations in Fukushima return to the disaster areas currently undergoing cleanup. The Maslow study's methodology, which encouraged community members to collaborate on the design of study interview, is particularly praiseworthy. Such community participation can increase both public awareness of risks and public confidence in results. This clear demonstration of the health effects of ongoing, low level chronic exposure is yet another reason for continued monitoring and treatment of the WTC populations and argues for similar careful observation in Fukushima's contaminated regions.

Regarding the community radiation exposure from the Fukushima accident, the Basic Survey of the Fukushima Health Management Survey was designed to estimate radiation doses received by residents from external exposure in the interval from 03/2011 to 07/2011[@r18]^)^. The maximum cumulative dose among residents (excluding radiation workers) was 3.9 mSv. Whole-body count survey of 54,126 residents conducted between 06/2011 and 06/2012 to estimate internal exposure demonstrated a maximum of less than 4 mSv[@r14]^)^.

These measurements reduced concerns about acute radiation impacts and indicated that the risks of certain outcomes, such as cancer, might be less likely than initially feared for the exposed population. Nonetheless, just as in the WTC population, legitimate concerns remain about chronic exposure in contaminated areas[@r19], [@r20]^)^. A January 2013 *New York Times* report on the cleanup of contaminated areas is critical of the current decontamination techniques, some of which risk the escape of contaminated material into the air or the runoff[@r21]^)^. These concerns should be addressed in an open, transparent manner, and any exposure evaluation should enlist and welcome community participation in both design and implementation. Failure to openly address these issues will create mistrust among the populace. After 9/11 local government failed to regulate residential and workplace cleanup in communities near the WTC disaster site. The community's bitterness and cynicism about this failure was captured by contemporary journalists[@r22]^)^ and is still palpable today.

It is important to note that radiation was not the only hazardous exposure for Fukushima nuclear workers. These workers were also at risk for the more common acute workplace exposures and injuries. Recognizing these risks, the University of Occupational and Environmental Health (UOEH), Japan, dispatched physicians to the damaged plant to provide first-aid services in mid-May, 2011. The physicians adopted a strategic approach to protecting workers from the existing health risks. Ultimately UOEH also presented recommendations on occupational health systems and preventive measures against heat stress to the Government and TEPCO[@r23]^)^. This intervention demonstrates, just as the Occupational Medicine response to the WTC disaster demonstrated, that the appropriate care of workers in environmental disasters depends on the availability of trained and experienced Occupational Medicine staff[@r8]^)^.

Attention to Vulnerable Subgroups in the Exposed Population {#s3}
===========================================================

No population of disaster responders and no disaster-exposed community is homogeneous in its vulnerability to a toxic exposure. Intrinsic characteristics of group members as well as their preparation and training have an enormous impact on an individual member's risk of exposure-related illness. There is no complete roster of the rescue and recovery personnel who responded to the WTC disaster. Estimates of the number of responders range from 60,000 to 90,000[@r24]^)^. Similarly, the estimate of the community population at risk, approximately 400,000, was drawn from census and local employment data[@r25]^)^. The lack of certainty as to which workers and community members were exposed during the WTC disaster hinders the identification of sub groups that might be more highly vulnerable to the impact of this exposure. The absence of a roster is also unfortunate for workers: medical benefits for WTC workers under the Zadroga Act are contingent upon their possession of "proof of presence" at the WTC site[@r26]^)^, and workers who have no proof or who cannot find it may be denied legislated benefits.

Ongoing research has demonstrated the toll of the WTC disaster on identified vulnerable subgroups. Debchoudhury *et al.* (2011) have shown that WTC volunteer responders without formal affiliation with a rescue organization had a higher rate of WTC-related accidents, physical illness and mental illness than affiliated responders[@r27]^)^. As more than half of the volunteers in the study started working during the chaos of the first two days, they likely had little training in safe work practices. That lack of training had consequences for the respiratory health of these volunteers and other responders. Antao *et al.* (2011) have demonstrated an association of the reported use of respiratory protection by WTC responders with decreased reported symptoms. Training in respiratory protection was associated in turn with use of the equipment[@r28]^)^.

Reports from Fukushima also demonstrate how vulnerable populations suffer disproportionately. Elderly and disabled patients demonstrated tragic vulnerability after their evacuation out of the path of the plume. Nomura *et al.* (2013) have reported that the relative mortality risk for nursing home residents doubled after they were evacuated from Fukushima, a stark reminder of the risk of this very basic response to catastrophe[@r29]^)^.

An interesting report from Fukushima illustrates how improper monitoring of workers' exposure can also increase the vulnerability of a worker population. Yokogawa *et al.* (2011) surveyed municipal offices in the designated radiation zones and evaluated the measures undertaken to monitor employees' occupational radiation exposure. These municipalities had approximately 34,000 employees, who performed evacuation and temporary return of residents, body recovery and debris clean-up. The study found that the municipalities had suboptimal administrative measures for radiation protection compared to the other public institutions, including those measures for monitoring internal and external radiation exposure[@r30]^)^. Inadequate monitoring would place these workers at risk for exposure to dangerous levels of radiation. Optimal monitoring must be extended to all at risk employees to protect them from excessive exposure.

Responsiveness to the Ongoing Mental Health Consequences of the Disaster {#s4}
========================================================================

A number of researchers documented the mental health impact of the WTC attacks[@r31],[@r32],[@r33]^)^. Among WTC responders in the screening program, Stellman *et al.* (2008) reported that 11.1% met criteria for probable PTSD, 8.8% met criteria for probable depression, 5% for probable panic disorder and 62% for substantial stress reaction. PTSD was significantly associated with loss of family members and friends; disruption of family, work and social life and higher rates of behavioral symptoms in children of workers[@r5]^)^.

A recent study shows that these rates of illness do not remain stagnant but may increase over time. Reporting from the Registry questionnaires, Bowler *et al.* (2012) found an increased prevalence of PTSD among police officers at 5--6 yr following 9/11, compared to 1--2 yr post-event. Increased PCL symptom scores were associated with witnessing more traumatic events on 9/11, with less social integration, having lost their job after 9/11 and being disabled[@r34]^)^. Individuals with lower scores on the PCL may be very troubled as well. Pietrzak's study of police officers, who were monitored by the Mount Sinai WTC Consortium, found that subsyndromal PTSD has a highly significant impact on mental health status. Rates of co-morbid conditions (depression, panic disorder, alcohol use problems, somatic symptoms and functional difficulties) were highest among police with full PTSD, but were also elevated among police with subsyndromal PTSD. Police with full and subsyndromal PTSD were both significantly more likely than controls to report needing mental health care[@r35]^)^.

While the need for care is substantial and possibly increasing in the WTC- exposed population, information on the current overall mental health status of this population is sparse and decidedly mixed. Brackbill *et al.* (2013) evaluated the subjective unmet health care needs (UMHCN) reported by the Registry population in 2006--2007, defined as a participant's report of not receiving needed mental health care or counseling in the preceding 12 months. UMHCN were reported by 4.2% of those surveyed and were significantly associated with poor mental health quality of life (greater than 14 poor mental health days in the last 30 d), low social support and high 9/11 exposure. Individuals with symptoms of PTSD or serious psychological distress were significantly more likely to report UMHCN and poor mental health quality of life, and to be among those highly exposed at 9/11. Approximately 10% of the population reported both mental health symptoms and a mental health diagnosis: 63% of these individuals reported poor mental health quality of life. 8% of the overall population reported symptoms but had not been diagnosed. 40% of this group reported poor mental health quality of life. This latter group had a rate of mental health service utilization closer to that of asymptomatic persons[@r36]^)^, possibly because of barriers to accessing care.

Prior studies have confirmed that patients in the U.S. delay seeking care for mental illness[@r37]^)^. Reasons cited for this delay in the National Comorbidity survey included low perceived need for treatment, structural barriers to care such as inconvenience and lack of financial means to pay, and attitudinal barriers such as the mental health stigma and the desire to "handle it on my own"[@r38]^)^.

When Stuber *et al.* (2006) surveyed NYC metro-area residents six to eight months after 9/11, 60% of respondents with probable PTSD or depression interviewed had not sought help from a mental health professional after the attacks despite the fact that most of these respondents reported diminished functioning[@r31]^)^. Stuber's respondents cited similar barriers to those noted in the National Comorbidity survey.

From 2002--2004 WTC responders and community members had the benefit of Project Liberty[@r7]^)^, a government-funded program designed to overcome barriers such as the cost and inconvenience of accessing mental health care and the stigma of mental illness. It may have had some success in reducing these barriers. Project Liberty funds paid for short-term interventions for individuals and groups experiencing psychological sequelae of the WTC disaster from 2002--2004. It included a media campaign to raise public awareness of disaster distress and to de-stigmatize the available free counseling services ("Even Heroes Need to Talk" was one campaign slogan). Messaging alerted the public to counseling and referral services through 1--800-LIFENET, a preexisting toll-free, 24-h, multilingual mental health hotline. The campaign conveyed that post-disaster stress symptoms appear not only immediately after a disaster but many months later. By the one-year anniversary of the attacks, over 50% of New Yorkers surveyed reported knowing about Project Liberty, and 33% reported that they had called or were considering calling LIFENET. There was broad awareness of the program among responders and community members[@r39]^)^.

Yet despite this intervention, extrapolation of Brackbill's (2013) findings to the WTC-exposed community population of 400,000 suggests that tens of thousands of those individuals may be experiencing poor mental health quality of life, many with undiagnosed symptoms caused by the WTC disaster. Even with vigorous public health efforts in treatment and education, the challenges of addressing the mental health impact of the 9/11 disaster in the WTC-exposed population remain formidable.

Recognizing these difficulties, Welch *et al.* (2012) assembled focus groups at the WTC Registry to examine barriers to accessing free WTC Health Program services. The groups focused on specific issues such as stigmatization, WTC Program inaccessibility, patients' unfamiliarity with 9/11-related health problems and services, and lack of referrals to WTC Health Program services from their primary health care providers[@r40]^)^.

In response to this information, staff members at WTC Registry have been trained to educate potential participants about the connection between the WTC disaster and their symptoms; to reduce stigmatization by normalizing enrollees' feelings about their post-9/11 mental health symptoms and health care; and to customize outreach activities describing Program services directly to population subgroups. The WTC Registry has also developed methods to directly engage primary care providers in the WTC Health Program referral process.

While addressing barriers to health services, this study demonstrates another critical function of disaster health programs: to elicit direct feedback from client groups and to promptly and visibly respond to it. Such steps may reduce barriers to care, but the mental health system must still be robust enough and the home communities resilient enough to respond to the needs of disaster patients. A significant but remediable limitation of mental health systems may be the inadequate training of mental health practitioners in the care of trauma patients[@r39]^)^.

Studies of the Chernobyl disaster by Bromet (2011) and others have clearly documented the long-term mental health problems that have afflicted radiation-exposed populations, including depression, PTSD and poor self-rated health[@r41]^)^. After the Fukushima nuclear accident, mental health professionals moved quickly to assess workers' health status. Shigemura *et al.* (2012) examined the psychological status of 1,495 Fukushima nuclear power workers 2 to 3 months after the earthquake. The study included workers from the severely damaged Daiichi plant and the nearby Daini plant, which had also sustained damage but remained intact. 47% of Daiichi workers showed high levels of general psychological distress, and 30% had significant PTSD symptoms, versus 37% and 19% respectively at Daini. Slurs and discrimination directed at workers because of their employment at the plant were significantly associated with symptoms. Psychological distress was also significantly associated with tsunami evacuation and major property loss and PTSD symptoms with preexisting illness and major property loss[@r42]^)^. Other researchers have documented the mental health effects of the Fukushima nuclear plant accident on non-nuclear workers. For example, Matsuoka *et al.* (2012) found a strong association of psychological distress with concern about radiation exposure among a population of disaster medical personnel[@r43]^)^. These striking findings argue for close mental health follow up and treatment of exposed workers[@r41]^)^.

The Mental Health and Lifestyle component of the Fukushima Health Management Survey targets 200,000 evacuees. It measures general psychological distress in adults through the K6 and PTSD symptoms though the PCL. Results of the first 88, 000 questionnaires showed that approximately 5% of adults, and a similar percentage of children, needed immediate support based on questionnaire scoring[@r18]^)^. The support offered by this survey was telephone counseling by mental health professionals with referral to physicians if indicated.

An updated news report in Nature indicates that increased psychological distress is now being reported by 15% of survey respondents and that 20% have probable PTSD---" a rate similar to that in first responders to the attacks of 11 September 2001 in the United States"[@r44]^)^. The report expresses concerns about the availability of treatment and continued funding.

Accessible and appropriately skilled mental health care is critical for this exposed population. If Brackbill's (2013) findings are at all applicable to the Fukushima population of two million persons, there may be hundreds of thousands of individuals in addition to the displaced evacuees who are experiencing poor quality of life due to this disaster.

Promotion of Accountability and Transparency in Public Health Response {#s5}
======================================================================

The Zadroga Act created multiple WTCHP Clinical Centers of Excellence for the monitoring and medical care of responders, a treatment program for exposed members of the community (Survivors' Program), and three separate Data Centers to collect clinical information, to publish surveillance-level reports about the clinical data, and to support research. These Centers are located in independent, academic medical institutions, with the exception of the NYC Fire Department center, which has strong links to two academic medical centers[@r8], [@r9]^)^. In addition, the government funded a WTC Registry, housed within the NYC Department of Health and Mental Hygiene, to survey a sample of the WTC Population with repeated "waves" of epidemiologic questionnaires[@r6]^)^. An Executive Steering Committee, in which government, Clinical Center, Data Center, labor and community representatives participate, provides overall coordination and Program guidance. The Steering Committee and its stakeholders directly influence Program function and policy and vigorously represent the needs of their constituents. The direct feedback from the responder community at Steering Committee meetings increases the accountability and responsiveness of the Clinical Center health care providers.

As a consequence of the involvement of multiple academic medical centers, different groups of independent researchers examine the data derived from patient examinations. These groups have published independent research on health issues of concern to WTC patients such as cancer risks[@r45],[@r46],[@r47]^)^. In their cancer studies, each group found somewhat different results, ranging from moderately elevated to borderline to non-significant elevations of cancer rates at approximately 7 yr after 9/11. While it may seem redundant, this independent pursuit of research by multiple groups increases the confidence of patients and responders in its validity.

In 2012 a government WTC scientific advisory committee held a series of hearings to determine if certain cancers should be designated as causally related to WTC exposure. This designation would open the way to full government funding of cancer treatment for eligible WTC responders and survivors, a benefit that would spare its recipients from the potentially ruinous costs of cancer treatment. The committee reviewed evidence linking cancers to environmental and occupational exposures and found that such evidence supported a possible relationship of cancer to exposure at the WTC disaster. After accepting comments on the report, the government designated a number of the cancers that may be considered to be WTC-related and published its decisions and rationales[@r48]^)^.

This process did not satisfy all parties, but its openness, generosity and transparency reassured many responders that WTCHP benefits would be awarded on a fair and reasonable basis.

The authors' experience in developing the WTCHP leads us to recommend the greatest possible transparency in any public health effort related to the Fukushima nuclear accident. While the geography of the Great East Japan earthquake disaster may render the involvement of multiple academic clinical centers in patient evaluation impossible, independent data analysis by independent academic centers may increase public confidence in any results. Any considerations regarding government monitoring and treatment of the exposed workers or the Fukushima population, and any discussion of benefits or compensation for damages due to this catastrophe should be open to the public with ample opportunity for stakeholder participation.

In conclusion, this brief recounting demonstrates that the successes and failures of the public health response to 9/11 have important implications and lessons for responses to Fukushima and other disasters. Public health authorities must be prepared to address the ongoing impact of both acute and chronic exposures on the affected populations and their magnified effect on vulnerable subpopulations. The public health response must include adequate mental health resources to meet the needs of the affected population. And finally, the authors urge public health agencies to adopt responsive, transparent disaster management processes which encourage active community participation.
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